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There is a growing trend toward to view mental illnesses as extremes of traits that are continuously distributed in the general population [1] [2] [3] . The trend is true also for OCD although there is a lack of evidence about the distribution of OC traits in the general population. Epidemiological studies have examined OCD using a categorical approach, grouping population samples into clinical, sub-clinical, and healthy control groups [4] [5] [6] [7] . These studies find that 2-19% of individuals have subclinical OCD [5] [6] [7] [8] [9] meaning that they meet some, but not all, DSM criteria for the disorder 5, 6, [9] [10] [11] [12] [13] [14] . The prevalence of sub-clinical OCD suggests that OCD may be the extreme of widely distributed OC traits many of which can be present in the absence of an OCD diagnosis. Individuals with subclinical OCD not only experience impairment in relationships and quality of life 13 , but also exhibit some characteristics that do not differ from those who meet all DSM criteria for OCD. 5, 6, 15 One impediment to a better understanding of OC traits in the general population is the structure of existing OCD rating scales. For example, the Leyton Obsessional Inventory (LOI) requires rating of OC features on a 0-2 scale where 0 indicates the absence of a clinically significant symptom and 2 indicates the presence of a severe symptom. Although useful in clinical settings, scales such as the LOI are insensitive to more minor variation amongst people who have no clinically significant symptoms but may have some, or possibly many, OC traits. What is needed is a dimensional measure of OC traits with broader rating options that can capture variation in OC traits in the presence or absence of clinically significant symptoms.
We developed the Toronto Obsessive-Compulsive Scale (TOCS) to address the need for a quantitative and multidimensional measure of OC traits among children and adolescents which could be used to examine the full distribution of OC traits in a general population of youth. We report the psychometric properties of the TOCS in a large, community sample of children and adolescence (16, 718 children and adolescents between the ages of 6 and 17 years). More specifically, we evaluated internal consistency, convergent and divergent validity, parent-child agreement, as well as sensitivity and specificity of the TOCS.
METHOD Participants
17,263 children and adolescents between the ages of 6 and 17 years were recruited to the Thoughts, Actions and Genes (TAG) project at the Ontario Science Centre (OSC) in Toronto, Canada.
The OSC is a popular science museum and tourist attraction with interactive science and technology exhibits and programs, especially well attended by children and adolescents. Visitors to the OSC were invited to participate in the TAG project if interested. Informed consent and/or verbal assent approved by the Hospital for Sick Children Research Ethics Board were obtained from all participants.
Phenotypic information was collected using a computerized questionnaire, completed mostly by parents of the participants or the participant themselves. After screening for missing and invalid questionnaire information, our final sample size for the current study was 16, 718 participants (mean age 11.1 years; SD +/-2.8 years). The sample consisted of 8447 (50.5%) males and 8271 (49.5%) females from various ethnic backgrounds reflective of the Toronto population.
Detailed demographic information is outlined in Table 1 . Although most of the questionnaire information was parent-reported, we were able to obtain both self-reported and parent-reported information on OC traits from a subset of our sample (n=332 parent-child pairs).
Measures
OC Traits. OC traits were measured using the TOCS and the CBCL-OCS. The TOCS is a scale developed by our group to measure common OC traits seen in both clinic and general population settings. The TOCS consists of 21 items that were developed from two previously published scales (e.g., child version of the Obsessive Compulsive Inventory [OCI-CV] 16 and the child version of the LOI [LOI-CV] 17, 18 ). We reviewed the scales and selected items that cover the major symptom dimensions previously identified in OCD 19 . Items were re-worded to be suitable for not only clinical, but also community-based samples. For example, in the LOI-CV the item "I was fussy about keeping my hands clean" is very similar to the OCI-CV item "I wash my hands more than other kids". On the TOCS, the corresponding item is, "Needs to wash his/her hands". Based on these considerations, the scale items were first drafted by a group of the authors (PA, RS, JC), circulated to other OCD experts for comments (including ES) and then modified based on this feedback. Although the content of the TOCS was based on previous OCD scales, we modified the scoring of the items to capture the widest possible distribution of responses. Each of the 21 items is scored on a 7-point Likert-type scale: -3=far less often than average, -2=less often than average, -1=slightly less often than average, 0=average amount of time, 1=slightly more often than average, 2=more often than average and 3=far more often than average. In the example just given, a parent could rate "Needs to wash his/her hands" on a broad range ranging from 'far less often' to 'far more often' than average, whereas on the OCI-CV or LOI-CV there is no option to rate the behaviour as occurring less often than average. A factor analysis of the TOCS conducted in this pediatric community sample by our group was consistent with previous factor analysis studies in OCD patients, yielding six OC dimensions: Cleaning/Contamination, Rumination, Symmetry/Ordering, Hoarding, Superstition, and Counting/Checking (Park et al., under review). Dimensions and relevant items are summarized in Table 2 . Respondents were asked to make ratings based on the child's traits over the past six months. A total score was calculated by adding each score of the 21 items, and the six dimension scores were calculated by averaging the sum of item scores within each dimension identified from our factor analysis. We considered the participant to endorse an OC trait if they scored either 2 or 3 on a TOCS item. The CBCL-OCS 20 , which consists of 8 items each scored on a 3-point scale, was also completed. Two CBCL-OCS scores were calculated: (1) CBCL-OCS total score, calculated by adding each score of the eight items, and (2) CBCL-OCS weighted score, by weighting each of the eight items according to their predictive value of clinical OCD 20 .
ADHD Traits. The Strengths and Weaknesses of ADHD Symptoms and Normal Behaviour
Rating Scale (SWAN) was used to collect ADHD-trait information. The SWAN consists of 18 items (9 inattention items and 9 hyperactivity-impulsivity items) measuring both strengths and weaknesses on a 7-point Likert-type scale (-3=far below average to +3=far above average). Usually, higher SWAN scores indicate strengths in that particular trait reflective of low ADHD traits while lower SWAN scores indicate the presence of ADHD traits. For this paper, the SWAN scores were reversed for easier comparison to the TOCS scores. Therefore, higher SWAN scores indicated higher ADHD traits while lower SWAN scores indicated lower ADHD traits in this study.
General Information. The electronic questionnaire also consisted of questions regarding demographics, family psychiatric history, as well as the child's medical history, psychiatric history and medication information. We also obtained information on whether the participant ever received a diagnosis or received treatment for a psychiatric disorder and used this information as a community-reported diagnosis of the disorder in our analyses.
Statistical Analyses
Psychometric properties, specifically the internal consistency, divergent, convergent, and discriminant validity of the TOCS were assessed using IBM SPSS Statistics 21.0 and SAS 9.4.
Cronbach's alpha was used to evaluate the internal consistency of the 21 items of the TOCS as well as each of the six dimensions previously identified in the TOCS (Park et al., under review).
Divergent and convergent validity of the TOCS were assessed by performing Pearson's and Spearman's correlations with the SWAN and the CBCL-OCS, respectively. Discriminant validity was examined by comparing the TOCS total and dimension scores between individuals with communityreported ADHD, OCD, ASD, Tic disorder, and any anxiety disorder. In addition, we examined agreement between parent-reported and self-reported OC traits in a subset of participants, using intraclass correlations (ICC) and Wilcoxon signed-rank test.
To understand the distribution of OC traits in our sample, distribution graphs were plotted and the skewness and kurtosis statistics were obtained for the total CBCL-OCS and TOCS scores, as well as for each of the OC dimension scores. We also examined the frequency of reported OCD and OC traits, as well as any relationships between OC traits and age, or sex. For all analyses, 95% confidence intervals (CI) were used, and because of our large sample size, we used a stringent pvalue ≤0.01 for the results to be considered as statistically significant.
Receiver operating curves (ROC) were used to estimate optimal sensitivity and specificity of the TOCS total score in our community sample. ROC analyses were conducted to establish optimal thresholds for identifying OCD cases using community-reported diagnoses as a criterion. We calculated specificity and sensitivity for the whole sample and for parent and self-respondents separately as well.
RESULTS

Psychometric Properties of the TOCS
Internal Consistency. Cronbach's alpha indicated strong internal consistency for the 21 items on the TOCS (0.94). Even after removing the two items ("homework" and "upsetting") that were Convergent and Divergent Validity. The TOCS total score showed moderate correlations to both the CBCL-OCS total and weighted scores (both r=0.51; p≤0.01). The correlation between specific OC dimension scores and the CBCL-OCS scores were variable; Hoarding was the least correlated with the CBCL-OCS (r=0.27; p≤0.001) and Rumination the highest (r=0.53 for total score; r=0.54 for weighted score, both p≤0.001; see Table 3 ). The TOCS showed a low correlation with the SWAN that was not statistically significant (r=0.01, p=0.53). All the OC dimension scores showed low correlations with the SWAN total score ranging from r=-0.12 for Cleaning/Contamination, to r=0.13 for Hoarding (both p<0.001; see Table 3 ).
Comparison of TOCS Scores of Reported Disorder Groups.
Comparisons of the total TOCS score (range: -63 to +63) and TOCS dimension scores (range: -3 to +3) among the different reported disorder groups supported the discriminant validity of the TOCS. As seen in Figure 1 , the reported OCD group showed the highest mean score of 11.0 (95%-CI: 7.6 to 14.5) compared to the other reported disorder groups. The reported ASD group had the second highest mean TOCS total score of 4.2 (95%-CI: 1.5 to 7.0). All the other disorder groups displayed mean TOCS total scores below 0.
At the dimensional level, discriminant validity did not appear to be as strong as the TOCS total score. The OCD group distinctly showed the highest mean score for the Cleaning/Contamination Figure S1 ). However, the ASD group showed the highest mean score for the Hoarding (mean: 0.9; 95%-CI: 0.7 to 1.1) and Symmetry/Ordering (mean: 1.1; 95%-CI: 0.9 to 1.3) dimensions. For the Hoarding dimension, all five reported disorder groups showed mean scores higher than 0, with the ASD group showing the highest mean score (mean: 0.9; 95%-CI: 0.7 to 1.1). When further examined at the item level, we found similar results, with the OCD group scoring the highest for most TOCS items, with the exception of items in the Symmetry/Ordering and Hoarding dimensions in which the ASD group scored higher than the OCD group (see Table S1 ).
Parent-Child Agreement. In a sub-sample of 332 parent-child pairs where we collected both parent-and self-reported information regarding OC traits, we observed poor agreement between parents and children with ICC values ranging from 0.13 to 0.36 on the TOCS items and total score (Figure 2) . The highest ICC values of 0.36 were observed for the "homework" item (95%-CI: 0.26 to 0.45, p<0.01) and the TOCS total score (95%-CI: 0.23 to 0.46, p<0.01). The lowest ICC of 0.13 (95%-CI: 0.03 to 0.23, p<0.01) was seen for the "special" item. In general, our Wilcoxon-signed rank tests showed that parents underestimated overall OC traits of their children; parent-reported scores were significantly lower (p<0.01) than self-reported scores for most items (see Table S2 ). The differences between parent-and self-reported OC traits were not dependent on whether the items reflected overt or covert behaviours. The only TOCS items where the means of the parent-report was higher than the self-report were "germs", "homework", "dirt", and "ruined."
Sensitivity and Specificity. ROC analyses on the TOCS total score demonstrated an optimal TOCS total cutoff score of >0 with sensitivity of 70.7 and specificity of 81.6 in our community sample. The area under the ROC curve (AUC) was 0.83, indicating good discrimination of OCD cases from non-cases, when using the community-reported diagnosis as a criterion. Sensitivity and specificity were higher in parent than self-respondents (Self-respondent: Cut-off = 0, Sensitivity = 65, Specificity = 77, AUC = 74.2; Parent-respondent: Cut-off = 2, Sensitivity = 83, Specificity = 83, AUC = 86.3).
Distribution of OC Traits
The distribution of OC traits in our community sample measured by the TOCS total score had skewness and kurtosis statistics of 0.81 and 0.03, respectively. Compared to the CBCL-OCS total score, which showed a right skew (skewness: 0.81, kurtosis: 0.03) with an accumulation at the zero end of the scale (Figure 3a) , the distribution measured by the TOCS total score showed a wider distribution of OC traits and more variability at the positive and negative ends of the OC spectrum (Figure 3b) . We further examined the distribution of the TOCS at the dimension level, where all dimensions except for the Superstition and Counting/Checking dimensions showed minimal skewness with some accumulation at the negative end (see Figure S2, In our sample, a total of 140 participants (0.8%), including 76 males (54.3%) and 64 females (45.7%) reported a lifetime diagnosis of OCD. When using the cut-off score of 5 on the CBCL-OCS as a predictor of OCD 21 , a total of 6755 (40.4%) participants, of which 3291 (48.7%) were males and 3464 (51.3%) were females, scored 5 or higher on the CBCL-OCS. Of these individuals, 132 (2%) of subjects reported a current or previous diagnosis of OCD.
When using the TOCS to examine the prevalence of OC traits (score 2 or 3 on a TOCS item), a total of 7,577 subjects (45.3%), reported at least one OC trait and 5,254 subjects (31.4%) reported at least two OC traits. Despite this high prevalence of OC traits, only 3,150 (18.8%) individuals of these individuals had a total TOCS score higher than 0. We observed that some individuals score moderately high across all the TOCS items, resulting in high total TOCS scores; however, most individuals score high on some, while low on other TOCS items resulting in an overall low total TOCS score. For example, among the 7,577 individuals who endorsed at least one OC trait, 5,887 individuals also had at least one low extreme item (score of -2 or -3 on a TOCS item), resulting in a "cancelling out" effect on the total TOCS score.
We further examined OC traits at the dimension level. Some OC traits were more prevalent than others. For example, Symmetry/Ordering, Hoarding, and Cleaning/Contamination traits were more common than other OC dimensions in our sample with 21.4%, 19.3% and 17.2% of the total number of subjects, respectively, endorsed at least one trait from that OC dimension. Rumination and Counting/Checking traits were less common compared to the other dimensions with 14.6% and 10.1% of the sample, respectively endorsing at least one trait. Superstition traits were even less common with only 7.5% of the sample endorsing at least one trait. No major sex differences were seen in prevalence of OC traits (see Figure S3 , available online).
DISCUSSION
Trait measures are playing an expanded role in psychiatric research because of increasing awareness that apparently diverse disorders share many characteristics and that these crossdisorder traits might be important to understanding of disease mechanisms and therapeutic discoveries. The TOCS was developed to afford a quick and cost-effective method of measuring the complete distribution of OC traits and dimensions that could be applied in large samples of children and adolescents. The current study evaluated the psychometric properties of the TOCS, and used this novel measure to evaluate the frequency and distribution of OC traits in a large pediatric community sample.
Psychometric Properties of the TOCS
The TOCS demonstrated sound psychometric properties when assessed in over 16,000 children and adolescents aged 6 to 17 years. All items on the TOCS appeared to measure a common set of traits as reflected in its high internal consistency (0.93) as measured by Cronbach's alpha. We propose that these traits collectively reflect the trait of obsessionality and compulsivity that has been proposed to underlie a number of disorders including OCD 22 . Compared to other similar child versions of OC scales, such as the LOI-CV and the OCI-R, which showed internal consistencies of 0.86 17 and 0.85 16 , respectively, the TOCS showed excellent cohesiveness in its items. Although very high internal consistency values may present concern for redundancy of items, the face validity and our previous factor analysis (Park et al., under review) support a wide coverage of OC traits as well as the multidimensionality of the TOCS. The high internal consistency values of both the total TOCS items and the items within the six TOCS dimensions support the TOCS as a reliable measure of an overall compulsivity in addition to the different OC dimensions.
We evaluated the concurrent validity of the TOCS by correlating it to the CBCL-OCS, with good reliability and validity, as well as acceptable psychometric properties to assess OCD in children 23 . As we expected, the correlations between these two measures were moderate. Although both measures capture OC traits, we likely observed moderate correlations because of the significant differences in the design of the two measures. For example, the TOCS consists of 21 items that cover a wider range of OC traits that are more specific in content, compared with the CBCL-OCS, which only has 8 items that are general in their description. We observed variable correlations between specific TOCS dimensions and CBCL-OCS scores. Most psychometric studies to date have compared self-report OC measures with the CY-BOCS, which is considered as a gold standard measure of OCD. Since the current study aimed to develop an efficient tool to evaluate OC traits in a large sample without conducting clinician-administered questionnaires or interviews, we were unable to use the CY-BOCS and thus, compare the degree of convergent validity.
The current study also supported the divergent validity of the TOCS when evaluated in comparison with a measure of ADHD traits, the SWAN. Our results showed very low correlations between the TOCS and the SWAN, suggesting that the TOCS items discriminated OC traits from those of inattention and hyperactivity. One implication of this finding is that the TOCS is not likely just picking up on general psychopathology but is sensitive to variation in OC traits. When comparing the total TOCS scores among reported disorder groups, the reported OCD group showed the highest mean TOCS scores compared to the other disorder groups supporting the discriminant validity of the TOCS total score.
OC Traits in a Pediatric Community Sample
In our sample, obsessionality and compulsivity measured by the TOCS and CBCL-OCS total scores were continuously distributed in children and adolescents in the community rather than appearing as dichotomous conditions. The distribution of the CBCL-OCS total scores were skewed to the right as a result of most participants in the community scoring 0 on the narrow rating scale of 0 to 2 on each item of the CBCL-OCS. In contrast, we expected the distribution measured by the TOCS to be normally distributed since the TOCS was designed for each item to capture greater variability at both the positive and negative ends of the scale. Although were able to capture a wider variability of the OC traits using the TOCS compared to the CBCL-OCS, the distribution of the total TOCS score also showed a right skew, where more participants than we expected presented with low, or "below average" OC traits (score of 0 or lower). This finding is in contrast to ADHD traits measured by the SWAN, a 7-point scale of ADHD traits similar to the TOCS, which were normally distributed in the same pediatric community sample in previous study by our group 24 . One possible explanation for this skew in the distribution of OC traits is the multidimensional nature of OC traits.
We found that some participants scored high on certain items while low on others, which resulted in a low overall total score. When we further examined the distribution of OC traits at the dimension level, most OC dimensions displayed a more normal distribution than the broader OC trait. The one exception was the distribution of the Superstition dimension, which was highly rightskewed. These variable distributions suggest possible differences in the underlying nature, as well as etiology, of the OC dimensions. In support of this hypothesis, we found that in a twin-subset of the larger sample presented in this article, that the heritability of the dimensions showed variable genetic and environmental contributions to each of the OC dimensions (Park et al., under review).
In our study reported OC traits were common. Approximately 40% of participants scored a 5 or higher on the CBCL-OCS 21 and 45% of participants endorsed at least one OC trait. Previous population-based studies reported low rates of sub-clinical OCD in children and adolescents (19%) 7, 14 or adolescents and adults 2-25% 5, 8, 11, 20, 25 . The observed differences in number of OC traits between our study and previous reports may be because we used less stringent criteria to evaluate the prevalence of sub-threshold OC traits. The variability in prevalence rates of subclinical OC traits also reflects the limitation of applying categorical approaches or thresholds in research studies of OCD since the criteria for an "OCD" or "sub-threshold OCD" groups may vary from study to study. 29, 30 . However, these categorical groupings may limit research findings as they not only simplify the multidimensional nature of OCD 19, [31] [32] [33] but also overlook any variability that may exist across the whole spectrum of OC traits by omitting individuals with subthreshold OC traits.
Using categorical, instead of continuous trait measures may be particularly problematic in neurobiological and genetic studies. For example, most genetic studies of OCD to date used a dichotomous approach; however, our results demonstrate that OC phenotypes are not only multidimensional, but also quantitative. Although we cannot determine the genetic architecture underlying OC traits until we perform genome-wide analyses, one might speculate based on Plomin et al. 3 , that the underlying genetic architecture for normally distributed traits, such as our Hoarding, Rumination and Symmetry/Ordering dimensions are most likely polygenic. In contrast, other OC dimensions like Superstition may display a more categorical structure and may need an alternate genetic approach. Population-based approaches may also be very helpful for identifying genetic variants associated with categorical psychiatric disorders. For example, a recent study attentiondeficit hyperactivity disorder (ADHD) traits and clinical ADHD shared genetic influences 34 , supporting the importance of using population-based samples to understand the genetic architecture of disorders. Moreover, specific types of OC traits have shown to be commonly present in other neurodevelopmental disorders, such as ASD 35 , suggesting possible shared etiology across disorders. Since some OC dimensions may not only be specific to OCD but also span across disorders, the dimensional model provides the advantage to examine neurobiological and genetic correlates beyond categorical diagnoses in much larger samples. Therefore, using a measure like the TOCS that captures the full phenotypic variation of OC traits and its dimensions will be immensely helpful to identify neurobiological and genetic mechanisms involved in OCD and OC traits.
We also demonstrated high overlap in OC traits between the community-reported psychiatric disorder groups. Although our findings indicated that the total TOCS score and most dimension scores are able to distinguish the OCD group from other psychiatric disorder groups, some dimension scores were comparable. In particular, individuals with reported ASD showed comparable scores on the Hoarding and Symmetry/Ordering to the OCD group, suggesting that these two dimensions encompass traits that are highly shared between the two disorders. In support of the dimensional approach of psychiatric disorders, it is not surprising that OC traits are also present in other disorder groups, particularly disorders known to be comorbid with OCD like ASD [36] [37] [38] . Scores from the hoarding dimension also tended to be higher across the various community-reported diagnosis groups which suggests that this dimension may be tapping in to more general psychopathology and not just OCD, a finding consistent with the creation of hoarding disorder in DSM-5 39 (REF). Nevertheless, we did not control for comorbid disorders in our comparisons of the total and dimensional TOCS scores in our study. Therefore, the high comorbidity between OCD and other psychiatric disorder may have contributed to the elevated TOCS score. Examining OC traits at the dimensional level and beyond the silos of current disorder groups may shed light to etiological mechanisms that are not only specific to a disorder, but also shared across disorders.
There are a few limitations to our study. We were not able to clinically validate the community reported diagnoses; however, prevalence rates of disorders like ADHD, OCD and anxiety were similar to previous studies 7, 40, 41 (Reis Merikangas et al., 2009 ). Furthermore, our data was cross-sectional and most of the phenotypic data relied on reported information from either the participants or their parents. Our analyses showed low parent-child agreement on the TOCS in a small subset of our sample, which demonstrates the need for collecting data from multiple informants in future studies. However, parent-ratings had better sensitivity and specificity than child-ratings. With the above limitations in mind, further investigation in other samples of children and adolescents using a similar research framework as the current study is necessary to replicate and confirm our findings. For example, our sample collected at the Ontario Science Centre may not reflect the larger pediatric population. Therefore, additional studies in various regions would be informative. One of the main advantages of the current study is that we have collected cognitive and genetic data from all our subjects, which allows us to examine the full cognitive and genetic variability underlying the OC phenotypic variation. More importantly, this study provides a better understanding of OC traits in the general pediatric community, emphasizing the importance of a quantitative, dimensional approach in genetic and neurobiological studies of OC traits.
Compared to previously developed OC scales, the TOCS is a reliable, dimensional measure of OC traits with the following advantages: (1) a scale which allows the measurement of a wider distribution of OC traits; (2) items which comprise a comprehensive, multidimensional measure of OC traits; and (3) a way to collect information from both children and parents. In conclusion, the TOCS demonstrated sound psychometric properties. Our findings have important implications in future OCD research and in establishing biomarkers according to the RDoC framework. First, OC traits are present beyond the nosological boundaries of OCD. By expanding research beyond individuals with an OCD diagnosis to the general community, we were able to examine the whole phenotypic variation of OC traits, which includes individuals at the extreme low end of the OC spectrum who may display biologically relevant behaviours such as resilience. Second, the use of TOCS in a large community sample would not only increase statistical power but also provide insight into a wider phenotypic and genetic variability present in the community. An important implication of our study from a clinical perspective is that a dimensional approach to neurobiological and genetic studies may inform us with regards to the etiology of OC traits, which in turn, may inform the diagnostic criteria for OCD in the future. 
